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Abstract
· AIM:todeterminethefrequencyandcausesof
blindnessindiabeticAfricans.
·METHODS:Thestudywasacross-sectionalsurvey
carriedoutamongknownblackdiabeticsconsecutively
admitted at the Teaching Hospital, University of
Kinshasa,between2005and2007.Examinationmethods
includedinterviewer-administeredstructuredquestion-
naire, eye examinations (visual acuity, tonometry,
funduscopy),andfastingplasmaglycaemiatest.
·RESULTS:Ofthe227patientsexamined,15.9%had
blindness. Univariate analyses showed significant
association between female, severity of diabetic
retinopathy,Mayombianethnicgroup,useofinsulin
treatment,lowintakeofvegetables,diabeticnephropathy,
openangleglaucomaandblindnessinalldiabetics.After
logisticregression,onlydiabeticnephropathy,useof
insulintreatment,macularoedema,Mayombianethnic
groupandvegetableslowintakeweretheindependent
riskfactorsofblindnessinalldiabetics.However,after
logisticregressioninthesub-groupwith diabetic
retinopathy,onlyopenangleglaucomaandproliferative
diabeticretinopathyweretheindependentdeterminants
ofblindness.
·CONCLUSION:Themajorityofthecausesofblindness
in these diabetic Africans are avoidable. It is
recommendedthatappropriatediabetescare,nutrition
education, periodic eye examination and laser
photocoagulation facilities should be provided for
treatingdiabeticsinsub-SaharanAfrica.
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INTRODUCTION
D
iabetesmellitus(DM)iswellestablishedasoneofthe
mainthreatstohumanhealthinthis21
st century.The
WorldHealthOrganizationstatedthatthenumberof
diabeticswouldincreaseto552millionbytheyear2030
[1].
DMisthesinglemostimportantmetabolicdiseasewhichcan
affectnearlyeveryorgansystem.
PeoplewithDMaremorelikelytodevelopblindness
[2-4].In
Africandiabetics,theratesofblindnessare9-30%fromboth
community-andhospital-basedsurveys
[5,6].
Age,insulintreatment,diabeticretinopathy(DR),diabetic
macularoedema(DMO),cataract,femalesex,glaucoma,
central retinalveinocclusion,age-relatedmacular
degeneration,age 逸60years,anddiabeticnephropathy(DN)
areestablishedasriskfactorsofblindnessamongAfrican
diabetics
[5,6].
InDemocraticRepublicoftheCongo(DRC),thereisahigh
prevalenceofDMestimated16%overtheageof15years
[7].
Theaccesstoinsulinforlessthan25%ofthetime,thehigher
susceptibilityoftheMayombianethnicgroupfor
atherosclerosis, cataractandglaucoma(Longo-Mbenza,
unpublisheddata),thehigherprevalenceoflowintakeof
vegetablesanditsimpactonpregnancyinducedhypertension,
727andthelackofgoodglycemiccontrolarewellknown
[1,8-10].
However,thereisnoinformationontheirrelationshipwith
blindnessamongdiabetics.Theobjectiveofthisstudywasto
assesswhetherMayombianethnicity,vegetableslowintake,
insulintreatment,andpoorglycemiccontrolinCongolese
diabeticsdeterminehigherriskofblindnessindependently
fromestablishedriskfactors.
SUBJECTSANDMETHODS
Design,SettingandStudyPopulati Thestudywasa
cross-sectionalsurveyforanonprobabilitysampleofknown
diabeticsbetweenDecember2005andDecember2007.
Africanandblackdiabeticsscreenedconsecutivelyatthe
Divisionof Ophthalmology,TeachingHospitalofthe
UniversityofKinshasa,DRC,between1970and2004,and
tillaliveon2005,wereeligibleforparticipationinthisstudy.
Outof300diabeticpatientswithcompletemedicalrecords,
227(75.7%)agreedtoenrolaccordingtotheHelsinki
Declaration.Thestudywasapprovedbytheethical
CommitteeofLOMOMedicalCenter,KinshasaLimete,DRC.
Data Collection Afterreceivinginformedandverbal
consent, theseDMpatientswereinterviewedbythe
Ophthalmologist(MvituMuakaMoise).Informationaboutto
theirsex,age,ethnicity(Mayombianethnicgroup else),
typesofDM,DMduration,vegetablesintake,insulin
treatment,arterialhypertensionanddiabeticcomplications
werecollected.
Additionally,fastingbloodsamplesweretakentoassess
bloodglucoselevels.Allpatientsunderwentadetailedeye
examinationofboththeanteriorsegmentforcataractand
glaucomainoneorbotheyesandtheposteriorsegmentfor
DRandDMOinoneorbotheyes.Afteradequatemydriasis,
fundusexaminationwasperformedinallpatientsusing
indirect ophthalmoscopythroughdilatedpupils.The
intraocularpressurewasmeasuredusingapplanation
tonometer.
Fastingplasmaglucose(FPG)concentrationwasestimated
byglucoseoxidasemethod(RTU,Biom佴rieux,Marcy
l'Etoile,France)onananalyzer(HospitalexSpectrophotometer,
Italy)atLomoMedicalCenter,KinshasaLimete.
Definitions TheintervalinyearsbetweentheDMdiagnosis
dateandthedateofthepresentsurveydefinedDMduration.
LongerDMdurationwassetatlevel 逸4years(Median).
Thetightglycemiccontrolinthesediabeticswasimpairedby
FPG 逸126mg/dLaccordingtotheAmericanDiabetics
Association(ADA).
TheminimumcriterionfordiagnosisofDRwasthepresence
ofatleastonedefinitemicroaneurysminanyfieldoffundus.
ThefinaldiagnosisofDRforeachpatientwasdeterminedby
thegradingofthemostseriouslyaffectedeyeaccordingto
theEarlyTreatmentDiabeticRetinopathyStudycriteria:
non-proliferativeDR(NPDR)absenceofsignsofDRor
presenceofmicroaneurysms,haemorrhages,hardexudates,
proliferativeDR(PDR)(newlyformedbloodvesselsand/or
growthoffibroustissueintovitreouscavity),andmacular
edema
[11].NPDRandPDRwereclassifiedasmild,moderate
orsevereaccordingtothestagesofseverity.
PatientsbelongingtotheMayombianethnicgroup
(ManiangaIsangila,Bamboma,Bayombe,Basundi,Bawowo,
Bakongo Boma,Balinzi,Bavilinzi,Basolongotribes)
migratedfromtheMayombeForest(betweenAngola,
AtlanticOcean,Matadicity,CongoBrazzaville)(Figure1)to
Kinshasatown,thecapitalofDRC.Thisregionwasapartof
theKongoKingdomdiscoveredbyPortuguesesailorsaround
1483andtheoriginalhomelandofthecurrentmajorityof
African-Americans,Cubanese,BraziliansandHaitians.The
MayombianethnicgroupisthefirstCongolesegroupto
adoptwesternization/acculturation(lifestylechanges:tobacco
use,highintakeofsalt,saturedfat,andalcohol,urbanization,
lowvegetablesintake)atthe beginningofBelgian
colonization(1908)andglobalization.
Vegetableslowintakewasconsideredincaseofnumber ＜4
portionsofvegetablesconsumption/week
[9].
Denselensdetectedonslitlampexaminationwasdiagnosed
ascataract.Primaryopenangleglaucoma(POAG)was
diagnosedbytonometerreadingsabove21mmHg.DM
macularoedema(MO)wasdefinedaccordingtotraditional
criteria
[12].DNwasdiagnosedinthepresenceofmicro-
albuminuriaandovertproteinuria(macroalbuminuria)with
urinary albuminexcretion rate=20-199滋g/minand
逸 200滋g/minfromsterilerandomurinesamples,
respectively
[13].
Blindnessincludedcaseswithvisualacuity ＜6/60(typesof
deficienciesordisability)
[14].
Figure1ThegeographicalsiteoftheMayombeForest.
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Statistical Analysis Proportions(%)forcategorical
variablesandmeans± standarderrorofthemean(SEM)for
continuousvariableswereobtained.Descriptiveanalysis,
usingstandardstatisticalmethodswasperformed.Chi-square
testsandFischerexacttestswereusedtoascertainthe
associationbetweenblindnessandvariables. fortrendwas
calculatedtoassessadose-effectresponserelationship
betweenblindnessandseverityofDR.
Comparisonsofmeansbetweengroupsweremadeusingthe
Student's -test.TheMantel-Haenszeltestwasusedtoadjust
the relationshipsbetweencategoricalvariablesfor
dichotomousconfounders,whilelogisticregressionmodels
wereusedtoestimatethesimultaneouseffectofseveral
determinantsonadichotomous(presence/absenceof
blindness)outcomeinalldiabeticsandinthosewithDR.A
value＜0.05wasconsideredsignificant.Thedatawerecoded
andprocessedonIBMcompatiblecomputer,usingthe
StatisticalPackageforSocialSciences(SPSS)software,
version13forWindows,SPSSInc,Chicago,IL,USA).
RESULTS
Atotalsample( =227)ofdiabeticAfricansofbothgender
andCongolesenationalitywasselected.Table1presentsthe
generalcharacteristicsofalldiabetics.Ofall,15.9%( =36)
hadblindness.
IncasesofDR,PDRwasrare( =21)incomparisonwith
NPDR(=114)(Figure2).Outofthe30caseswithopen
angleglaucoma,25diabetics(83.3%)belongedtothe
Mayombianethnicgroup.
Comparisonsofcharacteristicsofdiabeticswithblindness
withthoseofcontrolsarepresentedonTable2.Thelevels
ofage,DMduration,type2DM,hypertension,DR,cataract,
FPGandpoorglycemiccontrolintheblindnessgroupwere
similar( ＞0.05)withthoseincontrols.However,compared
withcontrols,theblindnessgrouphadhigherlevels(＜
0.05)offemale,DN,insulintreatment,openangleglaucoma,
Mayombianethnicgroup,DMO,andlowintake of
vegetables.
Therewasapositivedose-effectresponserelationship( for
trend=0.002)betweentheblindnessratesandtheseverityof
DR(Figure3).
Inamultivariatestepwiselogisticregressionwithblindness
asdependentvariableamongalldiabetics,onlyDN,useof
insulintreatment,macularoedema,Mayombianethnicgroup
andlowintakeofvegetableswerefoundtobesignificantly
andindependentlyassociatedwithblindness(Table3).
However,onlyopenangleglaucomaandproliferativeDR
(PDR)weremultivariatelyassociatedwithblindnessinthe
sub-groupwithDR(Table4).Infectiouscauses(Trachoma),
andvitaminAdeficiencywereabsent.
DISCUSSION
Thisstudyidentifiedsomenonmodifiable(female,
Mayombianethnicgroup)andmodifiableriskfactorsof
blindnessamongdiabeticsinKinshasa.Urgentprogrammes
ofpreventionofDMandcomplicationssuchasblindnessare
neededtotacklethemodifiableandpreventablecausesof
blindness.
Ourconcernwastofindasignificantunivariateassociation
betweenfemale,Mayombianethnicgroup,DN,DRseverity,
vegetableslowintake,macularoedema,glaucoma,useof
insulintreatmentandblindness.Otherstudiesshowedsimilar
resultstoourdata
[15,16].Thus,thenaturalhistoryofblindness
Table 1  General characteristics in the study population 
(n=227 diabetics) 
Variables of interest  Mean±SEM or n (%) 
Age (a)  58±0.59 
DM duration (a)  7±0.46 
M  151 (66.5) 
F  76 (33.5) 
Mayombian ethnic group  42 (18.5) 
Type 1 DM  91 (40.1) 
Type 2 DM  136 (58.1) 
Age≥60 years  98 (43.2) 
Low intake of vegetables  78 (34.4) 
Insulin treatment  137 (60.4) 
DN  132 (58.1) 
DR  135 (59.5) 
Macular oedema  90 (39.6) 
Glaucoma with open angle  30 (13.2) 
Arterial hypertension  133 (58.6) 
OR: Odds ratios; DM duration: Diabetes mellitus duration; DR: 
Diabetic Retinopathy; DN: Diabetic Nephropathy; FPG: Fasting 
plasma glucose. 
Figure2 Distributionofpatientswithdiabeticretinopathy
(DR)accordingtothemaintypesofDR.
Figure3 Relationshipbetweenblindnessandtheseverityof
diabeticretinopathy.
729intheseCongolesediabeticsispartiallyexplainedbyour
findingsobtainedfromlogisticregressionmodelsafter
excludingconfoundingfactors.
Thefirstmultivariateanalysisusedinalldiabeticpatients
suggestedthattheonsetofblindnessmayresultfromthe
interactionofgeneticandenvironmentalfactors.Thisis
logicalasDMisamultifactorialdisease.Thesignificantand
independentdeterminantsofblindnessinthesediabetic
AfricanswereDN,useofinsulintreatment,macularoedema,
Mayombianethnicgroupandlowintakeofvegetables.
ThehigherriskofblindnessindiabeticswithDNis
explainedbyproteinuriausuallyassociatedwithsevereforms
ofDR,visuallossinAfrican-Americantype1diabetics,and
blindnessinAfricandiabetics
[5,6,17,18].
Paradoxically,theuseofinsulin,abundantlyadministeredin
highdosesinAfricawasassociatedwiththepresenceof
blindnessasreportedbyotherstudiesindiabeticAfricans
[5,6].
Ourrecentstudyhasalsoreportedasignificantassociation
betweenuseofinsulintreatmentandDR,anothercauseof
blindnessamongdiabeticAfricans
[5,6,19].Thedelayed
diagnosis,thelackofawarenessofDM,theseverityofDM
(highlevelsofFPGandpoorglycemiccontrol),thedecline
inbetacellfunctionintype2diabeticsusinginsulinbecause
ofunachievedmetaboliccontrol,insulintreatment-induced
Table 3  Independent risk factors of blindness among all African diabetics              ( n =227) 
Independent variables  B  SE  Wald  OR (95%CI)  P 
DN  2008  0.587  11.696  7.5 (2.4-23.5)  <0.001 
Insulin treatment  0.944  0.469  4.050  2.6 (1.03-6.4)  0.044 
Macular oedema  1.237  0.434  8.131  3.5 (1.5-8.1)  0.004 
Mayombian ethnic group  1.473  0.442  11.114  4.4 (1.8-10.4)  <0.001 
Low intake of vegetables  1.026  0.425  5.816  2.8 (1.2-6.4)  0.016 
constant  -8.173  1.699  23.146    <0.0001 
OR adjusted for sex, age, DM duration, DM types and hypertension. 
Table 4  Independent risk factors of blindness in the sub-group with diabetic retinopathy  ( n =135) 
Independent variables  B  SE  Wald  OR (95%CI)  P 
Open angle glaucoma   2.756  1.191  5.352  15.7 (1.5-162)  0.021 
PDR vs NPDR  2.582  1.193  4.685  13.2 (1.3-137)  0.030 
Constant  -12.451  5.642  4.871    0.027 
OR adjusted for sex, age, types of DM, DM duration, insulin treatment, vegetables intake, macular oedema 
and arterial hypertension. 
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Table 2  Univariate risk factors of blindness among all African diabetics        ( n =227) 
Potential risk factors  Blindness n (%), OR (95%CI) 
Mean±SEM 
Controls n (%) 
Mean±SEM  P 
Sex       
Females  17 (47.2),1.5 (1.02-2.3)  59 (30.9)  0.045 
Age        
≥ 60 years  19 (52.8), 1.3 (0.9-1.8)  79 (41.4)  0.139 
DM duration       
≥4 years  19 (52.8), 1.03 (0.7-1.4)  97 (51.3)  0.509 
Type 2 DM  17 (47.2), 0.8 (0.5-1.1)  119 (62.3)  0.067 
Hypertension  22 (61.1), 1.1 (0.8-1.4)  111 (58.1)  0.443 
DR  22 (61.1), 1.02 (0.5-2.1)  113 (59.2)  0.959 
DN  32 (88.9), 1.7 (1.4-2)  100 (52.4)  <0.0001 
Insulin treatment  12 (60), 1.7 (1.1-2.5)  47 (36.4)  0.040 
Open angle glaucoma   14 (24.1), 2.6 (1.04-6.6)  16 (9.2)  0.044 
Mayombian ethnic group  16 (44.4), 3.3 (2-5.4)  26 (13.6)  <0.0001 
Macular oedema  20 (55.6), 1.9 (1.04-3.5)  70 (36.6)  0.027 
Low intake of vegetables  19 (52.8), 2.5 (1.2-5.2)  17 (47.2)  0.011 
Cataract  48 (87.3), 0.4 (0.1-1.5)  162 (94.2)  0.149 
FPG (mg/dL)  181.7±17.2  172.3±10.3  0.696 
Poor glycemic control  22 (61.1)  111 (58.1)  0.443 
DM duration (a)  6±1.3  7.5±0.6  0.336 
OR: Odds ratios; DM: Diabetes mellitus; DR: Diabetic retinopathy; DN:Diabetic nephropathy; 
FPG: Fasting Plasma Glucose. 
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immunogenicvascularitis, insulin-related hyperandro-
genisationintype2diabeticwomen(femaleidentified
univariateriskfactorofblindnessinthisstudy)andstarting
insulintreatmentintype2diabeticswithpoorglycemic
controlbyoral agentsmaybeincriminatedinthe
pathogenesisofblindness
[20-22].
Indeed,tightglycemiccontrolinpatientswithtype1DM
leadstosignificantreductionsintheriskofearly
microvascularcomplications
[23].Therefore,poorerglycemic
controlpriortoinsulinusewasprobablythemainreasonfor
thesignificantassociationbetweenblindnessandinsulin
treatmentobservedamongthesediabeticAfricans.
TheMayombianethnicgroupisthefirstindigenuousCentral
Africanpopulationtoadoptahighlyprocessedfoodintake
withrice,butlowintakeofvegetables-fruits.
ThehighersusceptibilityoftheMayombianethnicgroupfor
blindnessmaybeexplainedbytheirveryelevatedproportion
ofopenangleglaucoma,cataractandlongerwesternization
(smoking,atherosclerosis,dietarychanges,urbanization).
Both cigarettesmoking(increasedmonoxide,platelet
anomalies),smoking-relatedeyediseases(cataract,DR,
maculardegeneration) atherosclerosis-relatedophthalmic
diseases(retinalarteryandveinocclusions)andhigh
saturatedintake-associatedage-relatedmaculardegeneration
areassociatedwithvisuallossfromchroniceyediseasein
diabeticAfricansanddiabeticsfromothercontinents
[5,6,24].
African-Americanssharingthesamegeneticbackground
withtheMayombianethnicgroupdespitethehigher
differenceinenvironmentandundertreatmentofglaucoma
presentalsohigherriskofvisualloss
[25].
Theindependentroleofvegetableslowintakeinthe
presenceofblindnesssuggestsconsideringtheroleof
antioxidantsandoxidativestress.InthesediabeticAfricans
withepidemiologicandnutritiontransitions(lowvitaminsE,
C,folatesandpotassium,obesity/inflammation),theseverity
ofDRmaybeamplifiedbytheoxidativestress.Recently
releaseddatafromtheage-relatedEyeDiseaseStudyindicate
thatadailyhigh-doseantioxidantsupplementreducesthe
chanceoffurthervisionlossforselectedpatientswith
maculardegeneration
[26].
TheabsenceofsignificantunivariateassociationbetweenDR
andblindnessinalldiabeticpatientsmaybeexplainedbythe
classificationused(macularoedemaseparated)andthe
study-relatedlimitations
[27-31].Ourrecentstudyconductedin
thecommunityandotherAfricanstudiesshowedasignificant
associationbetweenDR(allstages)andblindness
[5,6,19].
Inconclusion,thediabetes-inducedvisualdisabilitywas
relatedtofemale,Mayombianethnicgroup,openangle
glaucoma,MO,DN,proliferativediabeticretinopathyand
lowintakeofvegetables.Assuchitisimportantto
recommendnutritioneducation,periodicexaminationand
multidisciplinary managementofDM.Dilatedstereo
photographyandtimelylaserphotocoagulationarehighly
recommendedtopreventmostoftheDR-relatedblindnessin
sub-SaharanAfrica.
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